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Objective. Appropriate regional transport 
protocol for out-of-hospital cardiac arrest 
(OHCA) patients is important for achiev-
ing favorable outcomes in a certain com-
munity. This study aimed to investigate the 
effect of transported hospital resources on 
the neurologic outcome after OHCA.
Methods. We categorized cardiac receiv-
ing centers (CRC) in our community into 
two levels (primary [P-CRC] and definite 
CRC [D-CRC]) according to the hospital 
resources that were identified by the Hos-
pital Assessment Survey in 2015. OHCA 
patients with presumed cardiac etiology 
resuscitated by emergency medical service 
providers between 2012 and 2014, were 
enrolled in the study. The main exposure 
was the level of CRC. The primary end-
point was discharge with good neurologic 
outcomes. We compared outcomes be-
tween CRCs after adjusting for potential 
confounders. 
Results. Among the 9,912 patients, 5,876 
were transported to P-CRC and 4,036 to 
D-CRC from 2012 to 2014. Patients admit-
ted to D-CRC showed better neurologic 
outcome than those admitted to P-CRC 
(6.2% vs 1.5%, p<0.001). With regard to 
patients who survived to admission, the 
neurologic outcome of patients in D-CRC 
was better than those in P-CRC (11.3% vs 
3.3%, p<0.001). In the multivariable logis-
tic model, the adjusted odds ratio for all 
OHCA patients was 2.10 (95% confidence 
interval, 1.51–2.95).
Conclusion. Transportation of OHCA pa-
tients to the D-CRC resulted in significant-
ly good neurologic outcome than those 
transported to P-CRC. Further research 
is needed to establish a regional OHCA 
transport protocol.




Out-of-hospital cardiac arrest (OHCA) is 
the leading cause of morbidity and mor-
tality. (1) Although much effort has been 
devoted, the outcome is still poor in Korea, 
with an 8.0% survival rate and only 5.8% 
with good neurologic outcomes. (2)
In 2006, integrated post-arrest care was 
added to the chain of survival, emphasiz-
ing the importance of comprehensive mul-
tidisciplinary post-arrest care. Currently, 
an increasing number of publications have 
reported on the beneficial effects of tar-
geted temperature management and other 
forms of post-resuscitation care on neuro-
logic outcomes. (3-5) 
However, not all cardiac arrest receiving 
facilities have the capacity to provide com-
prehensive post-arrest care. To overcome 
this issue, the concept of ‘cardiac resusci-
tation center’ or ‘regionalization strategy 
of OHCA care’ has emerged. In 2010, the 
American Heart Association (AHA) pro-
posed two levels of cardiac resuscitation 
centers and suggested the criteria for each 
level of CRC. (6) The main recommended 
strategy is to transfer patients with sponta-
neous circulation after OHCA to special-
ized CRCs for comprehensive care. (6) Lo-
cally, in Los Angeles, OHCA patients with 
initial shockable rhythm were sent to ST-
elevation myocardial infarction (STEMI) 
receiving centers, which resulted in higher 
rates of neurologically intact survival. (7) 
In Arizona, the implementation of a state-
wide system of cardiac receiving centers 
resulted in the improvement of survival in 
patients with intact neurologic status. (8) 
The appropriate transport strategy for car-
diac arrest patients in a certain community 
could be designed and implemented after 
the assessment of hospital resources and 
performances. In this study, we aimed to 
categorize CRCs according to the hospital 
resources and identified outcome differ-
ences among facilities in our community. 
MATERIALS AND METHODS 
Study design and setting
This retrospective observational study was 
conducted using data from the Hospital 
Assessment Survey and national OHCA 
database. A survey on the availability of re-
sources, number of personnel, and physical 
infrastructures of each emergency medical 
center in the Gyeonggi province was con-
ducted in 2015 by the Gyeonggi Emergency 
Support Center. The Gyeonggi Emergency 
Support Center is a regional center under 
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the National Emergency Medical Center, 
which serves as the central emergency 
medical service (EMS) control tower. The 
survey was conducted primarily via the Na-
tional Emergency Department Information 
System (NEDIS) and additively by email to 
all emergency departments (EDs) that pro-
vided care to at least one OHCA patient 
who was transported to the said unit be-
tween 2013 and 2014. 
Gyeonggi province has an area of 10,175 
km2, which is seventeen times larger than 
the Seoul Metropolitan Area and nine 
times larger than Hong Kong. It occupies 
10.1% of the national territory and is the 
5th largest province in Korea. The popula-
tion in Gyeonggi almost reached a total of 
12.5 million, which is almost a quarter of 
the total Korean population.
The Korean EMS system is managed by 
the fire department and provided by the 
government. It offers single-tiered basic-
to-intermediate ambulance services. The 
ambulance crew can perform cardiopul-
monary resuscitation (CPR) at the scene 
and during transport, with performances 
comparable to the intermediate emer-
gency medical technician (EMT) level in 
the United States, including intravenous 
catheterization and advanced airway under 
direct medical oversight. Advanced circula-
tory life support, including administration 
of drugs such as epinephrine, is not legally 
authorized in the field in most areas, and 
EMTs cannot declare death or stop CPR 
without direct medical oversight. They call 
for medical directions if OHCA victims 
show definite signs of death such as de-
capitation, rigor mortis, decomposition, or 
dependent lividity and withdraw resuscita-
tion. All OHCA patients with resuscitation 
attempts are transported to the nearest ED 
according to the EMS standard procedure 
protocol. There are 218 ambulances operat-
ing in Gyeonggi province, and usually, two 
or three EMTs ride in each ambulance. 
Study population
EMS-treated OHCA patients with a pre-
sumed cardiac etiology transported by 
Gyeonggi EMS to hospitals located in Gyeo-
nggi province were included in this study. 
Among them, OHCA patients, whose final 
outcomes are available on medical records 
during 2012–2014, were finally enrolled in 
the analysis. Patients with presumed car-
diac etiology were defined if they had no 
definite evidence of non-cardiac causes. (9) 
EMS-treated OHCA patients were defined 
if they received at least one of the follow-
ing resuscitation efforts: chest compression, 
rescue breathing, and defibrillation.
Main exposure and variables
The main exposure was the classification 
of CRCs, which was attained using the re-
sults of the Gyeonggi Hospital Assessment 
Survey. Facilities were classified as definite 
CRC (D-CRC) if they had a standardized 
resuscitation protocol in the ED, admit-
ted OHCA patients who achieved return 
of spontaneous circulation (ROSC), had 
a standardized therapeutic temperature 
management (TTM) protocol, if they of-
fered percutaneous coronary intervention 
(PCI) 24 hours a day and 7 days a week, if 
they had a cardiac arrest registry for qual-
ity assurance, could confirm brain death, 
had rehabilitation programs for OHCA 
survivors, and offered community-based 
resuscitation training programs. Other 
facilities were defined as primary CRC 
(P-CRC). Classification of CRC was based 
on the internationally accepted criteria 
(10,11) and consensus from expert meet-
ings. 
Data of potential confounders such as 
age; gender; pre-arrest medical conditions 
such as cardiac disease, hypertension and 
diabetes mellitus; initial ECG rhythm at 
scene; the presence of witnesses; provision 
of bystander CPR; EMS response interval; 
EMS scene resuscitation interval; patient 
transport interval; and pre-hospital ROSC 
were obtained from the national OHCA 
database. 
Data setting 
Pre-hospital and hospital data of OHCA 
patients transported to hospitals were col-
lected using the national OHCA database 
in Korea. The national OHCA database 
captures all incident cases of OHCA in 
the country using the EMS run sheet for 
basic ambulance operation information 
and the national OHCA registry for hos-
pital care and survival outcomes via hos-
pital medical record review. The EMS run 
sheet and EMS cardiac arrest registry are 
abstracted from the EMS database of the 
National Emergency Management Agency 
(NEMA), and a subsequent medical re-
cord review is conducted by reviewing 
the medical records of each OHCA pa-
tient transferred to a hospital by trained 
medical record reviewers from the Korea 
Centers for Disease Control and Preven-
tion (CDC). Monthly quality assurance 
meetings are held by the Korea CDC Data 
Quality Control team, which consists of 
emergency physicians, epidemiologists, 
statistical experts, representatives from 
NEMA, and medical record reviewers.
 
Outcome Measures
The primary outcome was good neurologic 
recovery classified according to cerebral 
performance category (CPC) and defined 
as favorable if the CPC was 1 or 2. The sec-
ondary outcome was survival to discharge. 
All outcome measures were based on a re-
view of medical records. 
Statistical Analysis 
Descriptive statistics between CRCs for 
categorical variables are presented as fre-
quency distributions and percentages. 
Continuous variables are reported as me-
dians and interquartile ranges (IQRs). Uni-
variate comparisons of the distributions of 
demographic and clinical factors were ana-
lyzed using the chi-square test for discrete 
variables and the Wilcoxon rank-sum test 
for continuous variables. We compared 
the outcomes between CRCs using crude 
and adjusted odds ratios (aORs) and 95% 
confidence intervals (CIs). Multivariable 
logistic regression was performed after ad-
justing for potential confounders includ-
ing Utstein co-variables (age, sex, witness 
status, location of arrest [public vs private], 
bystander CPR, EMS response time, EMS 
transport time and pre-hospital electrocar-
diogram pattern [shockable vs non-shock-
able]), pre-existing comorbidities (hyper-
tension, diabetes, and cardiac disease), and 
result of pre-hospital ROSC.
We also analyzed for collinearity and test-
ed if variables had conditional index >30 
and variance decomposition proportion 
>0.5. No multicollinearity was detected in 
our models and all terms were retained. All 
data were analyzed using SAS 9.4 (SAS In-
stitute Inc., NC, USA).
The study protocol was approved by the 
Korea University Ansan Hospital Institu-
tional Review Board to be conducted with 
a waiver of informed consent (IRB num-
ber: K2018-0500-001). 
RESULTS
Among a total of 14,951 EMS-treated 
OHCA patients, 4,126 were definitely of 
non-cardiac etiology, 329 were transported 
to hospitals in other regions, and the final 
outcomes of 584 were unavailable. A total 
of 9,912 cases were enrolled in the study 
(Figure 1). 
Of the 90 cardiac arrest receiving facilities, 
77 facilities responded to the survey. All 
13 (13.1%) facilities that did not respond 
to the survey were non-ED facilities. Of 
the 77 cardiac arrest receiving facilities, 50 
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facilities (64.9%) admitted post-ROSC (re-
turn of spontaneous circulation) patients 
and 22 facilities (28.6%) were available to 
provide therapeutic hypothermia. A total 
of 29 (37.7%) facilities offered 24/7 PCI, 
and 27 (35.1%) provided a quality man-
agement program on OHCA resuscitation 
and treatment. The facility was classified 
as D-CRC if they had a standard resusci-
tation protocol at the ED; had the device, 
manpower, and standard protocol for 
TTM; if PCI was available 24/7; if they had 
an OHCA registry system; if they could 
confirm brain death, had an available re-
habilitation program for post-resuscitated 
patients, and provided community-based 
CPR programs (Table 1).
Among 9,912 OHCA, 4,036 patients 
(40.7%) were initially transported to D-
CRC. The proportion of pre-existing co-
morbidities was higher among OHCA 
patients transported to D-CRC. OHCA 
patients transported to D-CRC showed 
better neurologic outcome (6.2% vs 1.5%, 
p<0.001) and better survival to discharge 
rate (11.3% vs 3.3%, p<0.001) than those 
transported P-CRC (Table 2).
Of the 1,681 patients who survived to ad-
mission, 1,025 (56.1%) were admitted to D-
CRC. D-CRC provided higher proportions 
of post-resuscitation treatments, such as 
PCI (15.2% vs 7.5%, p<0.001), TTM (29.9% 
vs 7.6%, p<0.001), and extracorporeal mem-
brane oxygenation (5.5% vs 1.4%, p<0.001) 
compared to P-CRC. Patients admitted to 
D-CRC showed better neurologic recovery 
(24.3% vs 13.1%, p<0.001) and survival to 
discharge (44.0% vs 29.7%, p<0.001) than 
those admitted to P-CRC (Table 3).
Table 1. Result of Hospital Assessment Survey and classification of CRCs by result
Hospital Assessment Survey n %
Questionnaire 77 100.0



































5. Does your medical facility have any device and manpower to provide therapeutic hypo-







































































Cardiac Resuscitation Center Classification Medical facilities OHCA (2012–2014)
Total number of hospitals that participated in the survey 77 9,912 (100%)
D-CRC 15 4,036 (40.7%)
P-CRC 62 5,876 (59.3%)
CPR, cardiopulmonary resuscitation; CRC, cardiac resuscitation center; D-CRC, definite cardiac resuscitation center; ED, emergency 
department; EEG, electroencephalography; EMC, emergency medical center; NA, no answer; OHCA, out-of-hospital cardiac arrest; 
PCI, percutaneous coronary intervention; P-CRC, primary cardiac resuscitation center; ROSC, return of spontaneous circulation.
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Table 2. Demographics and outcomes of all OHCA patients transported to CRCs
Risk factors All OHCA P-CRC D-CRC P*
n % n % n %
All 9,912 100.0 5,876 100.0 4,036 100.0















































































Witness 4,827 48.7 2,684 45.7 2,143 53.1 <0.001






















Bystander CPR 4,743 47.9 2,703 46.0 2,040 50.6 <0.001



















































































































Pre-hospital ROSC 569 5.7 163 2.8 406 10.1 <0.001
Survival to admission 1,681 17.0 656 11.2 1,025 25.4 <0.001
Survival to discharge 651 6.6 196 3.3 455 11.3 <0.001
Good neurology 338 3.4 87 1.5 251 6.2 <0.001
CPR, cardiopulmonary resuscitation; CRC, cardiac resuscitation center; D-CRC, definite cardiac resuscitation center; ECG, electro-
cardiography; ED, emergency department; EEG, electroencephalography; EMC, emergency medical center; EMS, emergency medical 
service; EMT, emergency medical technician; IQR, interquartile range; NA, no answer; OHCA, out-of-hospital cardiac arrest; PCI, 
percutaneous coronary intervention; P-CRC, primary cardiac resuscitation center; ROSC, return of spontaneous circulation.
* P-values were calculated using the Wilcoxon-rank sum test and chi-square test, as appropriate.
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Table 3. Demographics and outcomes of admitted OHCA patients transported to CRCs
Risk factors All OHCA P-CRC D-CRC P*
n % n % n %
All 1,681 100.0 656 100.0 1,025 100.0















































































Witness 1,134 67.5 432 65.9 702 68.5 0.127























Bystander CPR 937 55.7 358 54.6 579 56.5 0.665



















































































PCI 205 12.2 49 7.5 156 15.2 <0.001
TTM 356 21.2 50 7.6 306 29.9 <0.001
ECMO 65 3.9 9 1.4 56 5.5 <0.001
Pre-hospital ROSC 453 27.0 114 17.4 339 33.1 <0.001
Survival to discharge 646 38.4 195 29.7 451 44.0 <0.001
Good neurology 335 19.9 86 13.1 249 24.3 <0.001
CPR, cardiopulmonary resuscitation; CRC, cardiac resuscitation center; D-CRC, definite cardiac resuscitation center; ECG, electro-
cardiography; ECMO, extracorporeal membrane oxygenation circulation, ED, emergency department; EEG, electroencephalography; 
EMC, emergency medical center; EMS, emergency medical service; EMT, emergency medical technician; IQR, interquartile range; 
NA, no answer; OHCA, out-of-hospital cardiac arrest; PCI, percutaneous coronary intervention; P-CRC, primary cardiac resuscitation 
center; ROSC, return of spontaneous; TTM, target temperature management.
*P-values were calculated using the Wilcoxon-rank sum test and chi-square test, as appropriate.
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Among all OHCA patients, after adjusting 
for potential confounders, transportation 
to D-CRC was significantly associated with 
good neurologic recovery (aOR, 2.10; 95% 
CI, 1.51–2.93) and survival to discharge 
(aOR, 4.41; 95% CI, 3.45–5.65). For pa-
tients who survived to admission, D-CRC 
was significantly associated with better 
neurologic recovery than P-CRC (aOR, 
1.48; 95% CI, 1.02–2.14) (Table 4).
DISCUSSION
This is the first regional attempt to cat-
egorize cardiac arrest receiving hospitals 
based on their practices and resources 
and compare the outcomes between the 
two levels of cardiac arrest receiving hos-
pitals. This population-based study dem-
onstrated that OHCA patients transported 
to D-CRC had better neurologic outcome 
than those transported to P-CRC (Table 2). 
Patients who survived and were admitted 
to D-CRC showed better neurologic out-
come than those admitted to P-CRC (Table 
3). This result supports the hypothesis that 
comprehensive post-resuscitation care ap-
plied to successfully resuscitated patients 
results in a better neurologic outcome. 
Our result coincided with those of recent 
studies, which suggested that transferring 
OHCA patients to specialized cardiac ar-
rest centers resulted in good neurologic re-
covery. (8,10,12) From this study, we were 
able to assess the distribution of hospital 
resources and OHCA results based on the 
distribution of our community. This result 
will be helpful in establishing the transport 
protocol of EMS and inter-hospital trans-
fer strategy after OHCA.
The result of this study suggests that it is 
desirable for the prognosis of OHCA pa-
tients to be transported to D-CRC. How-
ever, in a large district like Gyeonggi prov-
ince, direct transfer of OHCA patients to 
D-CRC may result in long-distance trans-
portation with resuscitation performed at 
the back of the moving ambulance. Many 
studies have demonstrated that the quality 
of CPR is suboptimal during ambulance 
transportation. Korean EMTs are legally 
restricted from performing advanced 
skills such as endotracheal intubation or 
intravenous drug infusion. The ambu-
lance crew is composed of not more than 
three members. Therefore, to overcome 

































































CI, confidential interval; CRC, cardiac resuscitation center; D-CRC, definite cardiac resuscitation center, OHCA, out-of-hospital cardiac 
arrest; OR, odds ratio; P-CRC, primary cardiac resuscitation center. 
a Adjusted for age, gender, medical conditions, initial ECG rhythm at scene, the presence of witness, provision of bystander CPR, EMS 
response interval, EMS scene resuscitation interval, patient transport interval, pre-hospital return of circulation
Figure 1. Flow chart of study population
EMS, emergency medical service; OHCA, out-of-hospital cardiac arrest.
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these legal and resource barriers, instead 
of transporting OHCA patients to D-
CRC regardless of transport interval, it is 
important to provide high-quality resus-
citation at P-CRC and transfer patients 
safely to D-CRC as soon as they achieve 
ROSC. The American Heart Association 
proposed 2 levels of CRCs and provided 
the criteria for each center. Arizona es-
tablished a statewide network of hospitals 
classified by the government as ‘cardiac re-
ceiving centers’ or ‘cardiac referral centers’. 
(8,10) Although the criteria should be re-
evaluated periodically, the basic concept 
of a regional system of care is focused on 
providing specialized post-resuscitation 
care in selected hospitals and transferring 
post-ROSC patients to these hospitals as 
appropriate. (6)
A safe inter-hospital transfer protocol be-
tween P-CRC and D-CRC is also essential 
to the regionalization of OHCA care. A 
previous study reported that therapeutic 
hypothermia had a less beneficial effect on 
the neurologic recovery of patients who 
arrived via inter-hospital transfer than 
those who were directly transported to 
the hospital. (13) Other literature reported 
that good neurologic recovery was less 
frequently observed among patients who 
experienced any events during the trans-
fer. (14) To date, a successful inter-hospital 
transfer protocol for post-resuscitation 
care has been integrated into an exist-
ing regional system of care for STEMI. 
(15) No study was able to define the role 
of secondary transfer to a regional center 
after initial care at primary care hospitals. 
Nevertheless, inter-hospital transfer is an 
inevitable procedure in operating a re-
gionalization strategy especially with the 
EMS system at an intermediate level. Con-
sidering that this is the first study that at-
tempts to suggest a regionalization model 
in Korea, developing a safe inter-hospital 
transfer protocol based on the current re-
sources would be necessary.
Lastly, optimization of a regionalization 
strategy in communities must be imple-
mented. The interval between EMS arrival 
on the scene and transport to a D-CRC 
is unduly long in rural and suburban ar-
eas of the Gyeonggi province. Although 
observational studies suggested that the 
duration of transport to the hospital was 
not associated with patient outcomes, this 
negative association was only observed 
among OHCA patients successfully resus-
citated on-scene. (16,17) To date, no study 
has been able to provide a safe transport 
interval for OHCA patients who failed to 
achieve ROSC in the field. A priori cat-
egorization, verification, and designation 
of CRCs based on their actual practice 
performances should be done within the 
community. High-quality resuscitation at 
P-CRCs followed by a safe transfer to D-
CRCs to provide multidisciplinary post-
resuscitation care would enhance the sur-
vival of OHCA patients. 
LIMITATIONS
This study had several limitations. First, 
all patients with unknown final outcome 
were excluded from the study. Second, the 
year of survey (2015) and OHCA occur-
rence (2012–2014) differed. However, the 
list of facilities for the survey was selected 
if they received an OHCA patient during 
2013–2014; thus, it would not have af-
fected the result. Third, post-resuscitation 
care, such as PCI timing or TTM pro-
tocol, was not standardized among the 
CRCs. Although patient care policy may 
differ between CRCs, this would increase 
the generalizability of our study findings. 
Fourth, similar to other observational 
studies, the unmeasured bias would have 
influenced the study. Lastly, the result of 
this study can only be implemented in an 
EMS system where field termination of 
OHCA is legally not allowed.
 
CONCLUSION
Through this study, we were able to catego-
rize CRCs according to hospital resources 
in our region. After adjusting for potential 
confounders, D-CRC was independently 
associated with better neurologic out-
come compared to P-CRC. This finding 
highlights an important opportunity to 
implement the regionalization strategy for 
OHCA in Gyeonggi province. 
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